To investigate the mechanism of salt tolerance, two B. cereus strains were isolated from the soy sauce residue whose salt concentration as high as 10% or even 25%. Whole genome was sequenced by Solexa methodology of Illumina platform, following mapping, SNP, InDel, COGs, GO and KEGG analysis. Forty-nine genes associated with salt tolerance were verified by Q-PCR and four genes showed high differential gene expression. This study may aid in further investigation on addressing mechanism of Bacillus salt tolerance.
Introduction
Soy sauce is the most important traditional seasoning in China for improving the flavor taste of food and millions tons of soy sauce residue, containing soil, fat, fiber, phospholipids were produced every year. After fermentation process, the salt concentration of substrate detected as high as 10% even 25%, which puts a significant dilemma for utilization of soy sauce residue deeply. Notably, Bacillus cereus, a common Gram-positive spore-forming bacterium, is found to be the major contaminant in soy sauce residue with high salt-tolerance capacity, whereas most bacteria are incapable of surviving. Therefore, investigation on salt-tolerance mechanism of B. cereus is probably an important breakthrough point to utilize the high-salt soy sauce residue. Based on two B. cereus strains (B25 and B26) isolated from soy sauce residue, this study focused on the bioinformatic analysis of genes functioning in salt tolerance of B. cereus, providing an important evidence of regulatory mechanism of salt-tolerant microorganisms.
Materials and Methods
Two B. cereus strains (B25 and B26) were isolated from the industrial soy sauce residue, China. MID Bacillus biochemical identification strips (Guangdong Huankai Microbial Technology Company) were used for identification following the manufacturer's instruction. Growth curves of B25 and B26 under a series of salt concentrations including 5%, 10%, 15%, 20%, 25%, 30% were conducted on NA broth medium. The whole genomes of B25 and B26 were sequenced by Solexa methodology of Illumina platform as described previously [1] . The whole genomes were analyzed for mapping by BWA software with B. cereus ATCC 14579 as reference (5,411,809 bp) to search Single Nucleotide Polymorphism (SNP), Insertion Deletion (InDel), Structure Variation (SV) and Copy Number Variation (CNV). COGs (Clusters of Orthologous Groups of proteins), GO (Gene Ontology) and KEGG (Kyoto Encyclopedia of Genes and Genomes) annotations for the genomes of B25 and B26 were performed for gene and protein function prediction, background knowledge including molecular function, biological process and cellular component, as well as biological pathway analysis, respectively [2] [3] [4] . Functional genes associated with salt-tolerance mechanism and regulation were further analyzed and verified by quantitative real-time PCR (Q-PCR) [5] . The normalized fold changes of the relative expression ratio were quantified by △△CT.
Result and Discussion

Growth Curves of B. Cereus
Growth curves of B25 and B26 under high-salt concentrations have been reported previously [1] . The result showed that B25 strain had capability of salt tolerance, with limited salt concentration around 30%. However, B26 strain survived in no more than 20%. Taken together, the salt-tolerant features in two B. cereus strains suggested the molecular mechanism controlled by the genes.
Whole Genomes Sequencing and Quality Control
Genomes sequencing is the first step to analyze genomes. The next-generation sequencing including Illumina/Solexa, ABI/SOLiD, 454/Roche, and Helicos, has been used for standard sequencing applications in nowadays, such as genome sequencing and re-sequencing [6] . In this study, Solexa sequencing was performed to genomes sequencing because of its accuracy. Strain B25 and B26 were both 5.41 Mb, with cover rate and sequencing depth reaching 89.7% and above 90X, respectively. As evaluation of sequencing control was concerned, the result showed a good sequencing quality. Sequences quality value approximately reached to Q30 and error rate E was lower than 0.1%. Though the evaluation of Per Base Sequence Content reported "Fail" in this study (the deviation between A-T and G-C is more than 20%), the result showed stable and good randomness. Per Base N Content of each reads is lower than 5%, indicating a good quality. Taken together, whole genome sequencing of two B. cereus strains (B25 and B26) showed a good quality and provided a precise foundation to the bioinformatic analysis of genes functioning in salt tolerance.
Bioinformatic Analysis of Genes Functioning in Salt Tolerance
Variant sites (CVs), including 13,646 SNPs and 434 InDels were found. The functions of 1,071 genes were annotated by aligning to COGs database (by Blastall) [7, 8] . 19% (203) and 15% (160) genes classified into general function prediction only and amino acid transport and metabolism, respectively. Notably, 6.9% (74) and 8% (88) genes classified into energy production and conversion, inorganic ion transport and metabolism, which probably associated with salt tolerance. Annotation of CO to NR protein database was further conducted (by Blast2go), including molecular function (1,832 genes), cellular component (2,085 genes) and biological process (595 genes) [9, 10] . Biological pathways based on KEGG were further analyzed. Three major categories pathways: phenylalanine tyrosine and tryptophan biosynthesis, glyoxylate dicarboxylate metabolism and ABC transporters were associated with the complex regulatory network about salt tolerance. Combining GO, COG, and KEGG annotation, mutants of genes that participated in Na+/H+, K+ transport, dipeptide or tripeptide transport or stress responses showed high possibility to control the features of salt tolerance. Overall, forty-nine genes were selected to respective to salt tolerance (Tab. 1), with different classification in 3 pathways including ATP binding, binding Na+/H+-dicarboxylate symporters, NADH: ubiquinone oxidoreductase etc. 
Quantitative Real-time PCR Validation
To validate the results of bioinformatic analysis, Q-PCR was performed on 49 genes mentioned above. B25 strain was chosen to be the tested strain as it showed a better salt-tolerance capacity. Genes 16S rRNA, GroEL, hslU were used as reference genes. According to the expression level and melt peak curve, gene BC0669, BC0754, BC2114, BC4071 were suitable to further analyzed as the rest showed a low expression level, suggesting the rest 45 genes were not the key regulator factors. B25 strain cultivated under 0% and 5% salt concentration were used to Q-PCR to analyze the different expression level of 4 genes mention above. The result indicated that BC0669 and BC0754 were down-regulated, whereas BC2114 and BC4017 were up-regulated when B. Cereus occurred to high-salt press. However, the complex regulatory network of salt-tolerance is still unclear.
Conclusions
This study aimed at bioinformatic analysis of genes functioning in salt tolerance from genomes of two Bacillus cereus strains. Four key genes were obtained from the present study as the most probable determinants responsible for bacterial salt tolerance. This finding may aid in further investigation on the genetic and regulatory mechanism of bacterial salt tolerance.
